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INTRODUCTION 
Several meteorological research projects focusing on studies of precipitation 
and severe local storms in the Chicago area were being conducted in 1978 (Changnon 
and Semonin, 1978). This particular project concerned operations of a large and 
dense network of recording raingages and hailpads to aid in the field operations 
of two projects and to provide rain and hail data desired for use in the analyses 
of all projects. Some research was also pursued at the Water Survey using these 
data. The 1978 data provided us with three continuous years of detailed rainfall 
data for the Chicago area. 
This report presents a description of the operations, data collected, data 
shared with other scientists, and the use of the data in Water Survey research. 
Following is a description of the projects which have employed the Chicago Area 
Program (CAP) network data. 
PROJECTS INVOLVED WITH THIS RAIN-HAIL MEASUREMENT EFFORT 
NIMROD 
Project NIMROD (Northern Illinois-Indiana Meteorological Research on 
Downdrafts) was conducted in northeastern Illinois during May-June 1978. It 
was a comprehensive study of convective storms. The Illinois State Water 
Survey, Argonne National Laboratory, the University of Chicago, the National 
Center for Atmospheric Research, and Governors State University all participated 
in the observations under the general directions of Professors T. T. Fujita and 
Ramesh Srivastava of the University of Chicago. The observing instruments 
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deployed were: 1) the CAP network of 315 raingages and hailpads, 2) a 
surveillance radar (HOT radar), 3) two radiosondes, 4) three Doppler radars, 
5) the portable automated meso-network of NCAR, 6) Lear jet and U-2 aircraft 
for cloud photography, and 7) rapid scan SMS/GOES satellite. The array of 
most of these instruments is shown in figure 1. 
The research addressed basic issues concerning the dynamics of convective 
storms, some of which are: 1) the origin and mechanism of downdrafts in 
convective clouds and severe storms; 2) the role of overshooting updrafts and 
their subsequent collapse in generating sustained damaging downdrafts; 3) the 
momentum and water substance transports by updrafts and downdrafts influence 
the life cycle and motion of convective storms; and 4) the morphology and 
mechanisms that lead to severe hailstorms and intense flood-producing rainstorms. 
The CAP network was in continuous operation during May and June 1978 to 
provide 5-minute, raincell, and rain period data for all storms in the area. 
This has helped in the case study analyses of key storms. 
Urban and Lake Influences on Precipitation 
The second project that sought the rain data resulting from the 
May-September network operations is entitled "Causes and Impacts of Urban and 
Lake Influences on Precipitation." This NSF-supported research project 
(ENV77-15375) is being conducted by the Illinois State Water Survey. It 
includes the study of local precipitation anomalies in the Chicago and downwind 
areas (Lake Michigan with radar) so as 1) to identify their presence (space and 
time), and 2) to investigate their causes (lake and/or urban influences) 
through case type investigations. The causative research is very dependent 
on study of the raincell and storm (rain) period rain data needed to investigate 
the time and space behavior of precipitation elements under varying classes of 
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intensity. A major goal is to compare the results relating to urban influences 
with those obtained at St. Louis under METROMEX (Changnon et al., 1977). This 
Chicago focused project is using all available historical data plus the echo 
data emanating from this radar system. 
Chicago Hydrometeorological Area Project 
The third study which benefitted from the HOT radar echo data was the 
Chicago Hydrometeorological Area Project (Changnon and Huff, 1976). This 4-year 
project has focused on various hydrometeorological studies including 1) use of 
a weather radar system to furnish real-time rainfall estimates to the city to 
aid in the operation of the water resources network, and 2) the gathering of 
detailed rainfall data over a large rural-suburban-urban area so as to better 
understand the regional differences in design values for heavy rainfall. This 
project included the 1976 network installation and operation of the CAP network 
in 1976 and 1977. The 1978 raingage and HOT radar data were studied using 
State of Illinois and NSF (ASRA) resources to derive the best means for rainfall 
estimation using radar. Various techniques are under investigation. The 
rainfall data from 1978 materially increased the sample size and was of great 
value to the research on this project. The demonstration phase, including 
real-time rain measurement over Chicago, will be performed in June-August 1979. 
Severe Turbulence and Shear Incidents at O'Hare Airport 
Scientists of NOAA Environmental Research Laboratory (WPL) are involved, 
under FAA sponsorship, in the study of turbulence and gustiness at O'Hare 
Airport in Chicago. They installed in 1977 a network of pressure sensors and 
wind sets to measure these perturbations in a test of methods to detect local 
shear conditions (with an inexpensive system) as an aid in aircraft operations. 
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In their analysis of several events, NOAA scientists concluded they needed 
detailed rain data. NOAA and Water Survey scientists (Al Bedard and Neil 
Towery) have researched rainfall on 12 storm incidents. 
The primary focus in the joint analyses was to determine the location 
of heavy rainfall and strong radar echoes in time and space relative to O'Hare 
Airport. The rain information was used in studying the spatial relationship 
of near surface shear events to heavy rain. 
OPERATIONS AND DATA COLLECTION 
The dense CAP network comprising 317 recording (weighing bucket) raingages 
and hailpads was operated from March 1978 through September 1978. The network 
is shown in figure 1. The numered boxed areas refer to different land use 
areas where the network density was one gage per 9 square miles. An "outer 
network" had gages spaced 6 miles apart. The raingages are all modified to 
record time of hail. 
To correctly service this network required four trained technicians each 
with a vehicle, who visited each raingage and hailpad once a week. Recording 
charts and hailpads were then changed, and the raingage was calibrated on a 
weekly basis. In the March-August 1978 period there were 97 rain periods, 
and 30 had one inch or more of rain. 
To correctly process this data into 5-minute rainfall amounts entered on 
magnetic tape required three trained data analysts and some programming 
assistance. The 315 charts were first carefully edited using three checking 
procedures. The rainfall data were then translated from the chart into digital 
form using a trace following device (Autotrol). The resulting magnetic tape 
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data were printed, storm maps plotted, and all data checked and revised where 
errors occurred. Any missing amounts were estimated using a computer program 
designed for this purpose. The final resulting magnetic tapes contain 5-minute 
rainfall amounts for all gages. Douglas M. A. Jones provided the full-time 
supervision needed for the field operations and the data processing activities. 
The analysts also examined the data from 3000 hailpads. For each rainfall 
detected at each site, the hail time (from the raingage charts) was determined 
and then all the stone imprints were measured to calculate the sizes of every 
hailstone, later tabulated and entered on punch cards. This information was 
used to calculate the total impact energy on each hailpad. The final tabulations 
prepared for each storm day and each site with hail show 1) the time of hail, 
2) the number of hailstones, 3) the sizes of all hailstones, and 4) the calculated 
impact energy. 
The project effort included support for three activities. First was the 
operation of the rain-hail network from May through September 1978. The second 
was the processing of the resulting rain and hail data. The third was limited 
research. Some funding was available from the State of Illinois, sufficient to 
support about half of the necessary operational efforts, data processing 
activities, and research. The State of Illinois furnished two of the four 
field1 technicians, vehicles for two people, one data analyst, a part-time 
programmer, and the supervising meteorologist. 
Chicago Rainfall Studies 
One investigation related to the detailed rainfall data for the summers 
during 1976-1978 from the CAP raingage network. The areal distribution of 
maximum and minimum rainfall areas in each of the 262 storms was studied. 
Areas of greatest rainfall tended to occur most frequently in the Chicago 
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and the northwestern Indiana areas, particularly when network rains were 
generally heavy. 
Another major investigation of this summer data base involved studies 
of the individual storms grouped into three classifications: by direction of 
storm motion, by synoptic weather types, and by intensity of the rains. 
Interesting, and different from St. Louis findings, was the fact that when summer 
rainfall was light over the area and often during cold front conditions, the 
urban area appeared to act to decrease the rainfall over the city. However, 
when rainfall was heavy (point amounts above 1 inch and/or network area averages 
above 0.25 inch), intensification of precipitation over the city was evident, 
typically 15 percent more than in control areas west and north of the city. 
Other phases of the Chicago studies related to possible urban-related 
increases in rainfall rates, the frequency of short-duration moderate to heavy 
rainstorms, and more rainfall in the city, as opposed to rural areas, during 
heavy rain events. These studies indicated that urban-related increases ranging 
from 14 to 50 percent occurred in these various expressions of heavy rainfall 
events. 
Spatial Distribution of Storm Rainfall 
The spatial distribution of heavy storm rainfall is important to the 
designers of urban storm systems. Area-depth curves based on CAP data were 
used to portray the spatial distribution properties of heavy storm rainfall, 
since they provide a simple mathematical expression of the spatial distribution. 
Such curves were constructed over one or more subareas within the network 
(Fig. 1) which experienced mean rainfalls of 12.5 mm or more. The spatial 
distribution of rainfall was found to vary with increasing subnetwork size. 
The mean area-depth curves fitted a square-root relation of the general form: 
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Y = a + bX0.5 
where Y is precipitation depth, X is area, and a and b are regression 
constants. Inspection did not indicate any significant differences between 
area-depth curves over urban or rural regions. These mean curves provide a 
first estimate of typical area-depth relations in the Chicago region, and are 
also useful for comparison with results of area-depth studies made for other 
areas in earlier Water Survey studies. Short duration rainfalls are frequently 
of more importance than total storm rainfall. Thus, area-depth curves are 
presently being determined for heavy rainfalls of 12.5 mm or more in periods 
of 6 hours or less for the summers of 1976 through 1978. 
Relation Between Point and Areal Mean Rainfall Frequencies 
The frequency distribution of heavy rainstorms of various intensities 
and durations is important to urban hydrologists and urban planners. The 
frequency distribution of point rainfall is readily available from previous 
Water Survey and National Weather Service studies. However, the frequency 
distribution of areal mean rainfall is of equal or even greater importance, 
and such data are available only from dense raingage networks or from 
comprehensive surveys of rainfall amounts taken soon after a heavy rain event. 
A preliminary study using data from the CAP network was made of the relation 
between the frequency distributions of point and areal rainfall for five 
subnetworks within the CAP raingage network. These subnetworks range in size 
from 200 to 1150 km2. Analyses were performed on heavy rainstorms, defined 
as those producing rainfall of 25 mm or more. 
Each subnetwork was analyzed separately to determine if there was any 
difference between the individual subnetworks. To investigate differences 
between storm durations, the storms were divided into three groups: less than 
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6 hours, 6 to 12 hours, and greater than 12 hours. Regression equations were 
used for each subnetwork and storm set to determine differences between subareas. 
Only minor variations could be discerned between subareas, but significant 
differences occurred between storms of different durations. Consequently, 
the various subnetworks were merged into one data set and analyzed for different 
durat ions. 
The data sample of two summers (1977-1978) is insufficient to establish 
firmly the relationship between point and areal mean rainfall frequencies in 
the Chicago region. Allowing for relatively large sampling errors in the 2-year 
sample, the results do not indicate a significant departure from those values 
found earlier from networks in central Illinois using larger data samples. The 
ratio of areal mean rainfall to point rainfall frequencies do not vary 
significantly when rainfall amounts (storm intensity) exceed 25 mm. However, 
the ratios do vary significantly with storm duration and the area assumed to 
be represented by the point rainfall. 
Orientation and Shape of 25-mm Storms 
The orientation of rainstorms having rainfall in excess of 25 mm (1 inch) 
is very important to the urban hydrologist. For example, if the major storms 
are most frequently oriented parallel to the drainage system, runoff will be 
enhanced and the carrying capacity and storm storage capability of the system 
must be greater than if such storms moved perpendicular to the system. The 
orientation of storms is also indicative of the direction of motion of the 
convective entities within a storm, and thus, provides additional information 
which can be utilized in the routing of storm water. Many sewer systems within 
urban regions are combined, i.e., both sewage and storm water are carried 
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within the same system. When heavy rains occur and overload the sewer system, 
treatment plants are unable to handle the overburden and must release untreated 
effluent. Thus, it becomes important for the urban hydrologist to be able to 
model in more sophisticated ways the precipitation which falls within urban 
basins and subbasins. 
Over 70 percent of the 65 storms producing over 25 mm of rainfall within 
the CAP network during the summers of 1976 through 1978 moved from the southwest, 
west-southwest, or west. Historical data for%northeast Illinois gave similar 
results for rainfall in excess of 6.35 cm (2.50 inches). Other heavy rainstorms 
studies for Illinois indicate that 55 to 60 percent of the heavy storms move 
from these directions. Thus, there is a tendency towards a larger percentage 
of the storms in northeastern Illinois to move from the southwest through west 
than in other regions of the state. 
Open or closed elliptical rainfall patterns were observed in 51 storms 
over the Chicago network. Of the remaining 14 storms, 1 was multicellular and 
13 storms or 20 percent of all storms were banded. There was a tendency for 
more storms to have an elliptical shape in northeastern Illinois, than had 
been observed previously over dense raingage networks in central Illinois. 
Thus, storms over northeastern Illinois appear to be less complex in their 
spatial structure than storms in central Illinois. 
Radar-Rain Relations 
Some project research concerned investigations of the Brandes technique 
of radar-rainfall adjustment. The research was completed and results were 
found satisfactory. This method has been adopted for future radar-rain 
estimations in Illinois. 
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The Smith Sequential Analysis technique was also explored. Computer-
generated results indicated that although the Smith technique is useful for 
some applications, it is unsuitable for real-time rain estimates for operations. 
The effect of reduced raingage density (1/2, 1/4, 1/6, 1/9, 1/12 of full network 
density) on the accuracy of the radar-rainfall adjustment with the Brandes 
technique was analyzed using area-depth relations. 
DATA EXCHANGE 
The major research applications of the 1978 CAP network data have been 
described in earlier sections. The specific distribution and use of data, 
is itemized in Table 1. 
Review of this reveals that the rain and hail data resulting from this 
project, have been and are being used in research relating to severe local 
storms, heavy rain prediction methods, rain design studies, and in inadvertent 
weather modification research. 
PERSONNEL 
The staff involved in this project, in addition to the Principal 
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Meteorologist 
Meteorologist 
Junior Meteorologist 
Junior Meteorologist 
Meteorological Aide 
Analytical Aide 
Analytical Aide 
Field Technician 
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Table 1. Distribution and Uses of the CAP Network Data. 
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